Background Production employees in the UK fragrance industry are exposed to large numbers of chemical substances and mixtures. There is a lack of published literature describing the effects of occupational respiratory exposure in this industry.
Introduction
Fragrance development and production is a global industry with development centres and manufacturing sites around the world. The global size of the industry market was more than US$43 billion in 2011 [1] . Worldwide, approximately 150 000 people are directly employed within the industry, with 2500 of those in the UK. Many more are employed in the supply chain, e.g. raw material producers and retailers. The fragrance manufacturing process uses a variety of chemicals as raw materials. These may be naturally occurring substances extracted from botanical sources, or synthetic ones. The fragrance compound is a complex formulation, often containing hundreds of chemical components, and a large number of fragrances may be produced during a working shift. Usage levels and combinations of chemicals vary greatly each day and thus personal respiratory exposure on a given day is unpredictable. Research has been undertaken in other industries where respiratory exposure to airborne substances occurs, such as metalworking [2] and woodworking [3] . Within the fragrance industry, however, there is a lack of research on occupational exposure or its effects on employees. This study was designed as the first step of a body of work investigating lung function of fragrance industry employees in relation to respiratory exposure.
Methods
Ten fragrance companies with UK manufacturing sites were invited to participate, and five agreed. All employees involved in fragrance production and associated tasks (e.g. packing) were invited, and those who accepted formed the exposed group. All nonexposed office staff were also invited, and those who accepted formed the control group. Contraindications for spirometric testing were used as exclusion criteria. Ethical approval was granted by the Research Ethics Committee, School of Health Sciences and Social Work, University of Portsmouth, UK. Company names and identifying characteristics, such as location, were Short report regarded as confidential. All data acquired from participants was anonymized and securely stored. Spirometric assessments were conducted by the author during October and November 2011, using a calibrated MicroPlus turbine flow spirometer. Assessments were conducted before and after the same working shift (shifts consisting of ≥6 h). Spirometric measurements were forced expiratory volume in 1 s (FEV 1 ), forced vital capacity (FVC) and peak expiratory flow (PEF) [2] [3] [4] [5] . Three sets of measurements were taken during each appointment with the best performance selected. Measurements taken were converted to percentage of predicted values (% predicted). Predicted values were taken from the European Community for Steel and Coal Working Party Report [5] and calculated from age, height and gender. A further correction factor was applied to predicted figures for FEV 1 and FVC (predicted value × 0.87) for participants of African ethnic origin, as recommended by Quanjer et al. [5] , to account for proportionate difference in trunk length-and therefore lung size-relative to height. Data collection sheets were completed by participants to provide information on confounding factors (smoking and personal or family history of respiratory problems), and body mass index was measured by the author. Confounders were adjusted for in statistical analysis. The statistical package Predictive Analytics SoftWare Statistics (Statistics version 18.0, 2009) was used for all statistical calculations. Analysis of covariance (ANCOVA) was used to compare each outcome measure between exposed and control groups. The ANCOVA model was fitted to use the post-shift measurement as the response variable and the pre-shift measurement as a covariate, to account for variability in the baseline measurement [6, 7] . Further analysis was conducted using the confounding factors identified earlier as additional covariates.
Results
in the exposed group, 60 workers out of 184 participated (response rate 33%) and in the control group 52 workers out of 214 participated (response rate 24%). The total sample size was 112, giving statistical power of 80% and significance of 5%. Exposed subjects were almost exclusively male (97% male versus 3% female), while in the control group gender distribution was close to equal (52% male versus 48% female; Table 1 ). Ages of participants were well matched between the study groups, with a mean age of 43.6 years (range 21-65) for the exposed group, 43.9 years (range 22-66) for the controls (Table 1 ) and 43.7 years (range 21-66) for the whole study population. The difference in means between groups was not significant. Mean body mass index was 26.5 (SD 4.5) for exposed and 27.7 (SD 4.9) for controls, again with no significant difference between groups (Table 1) . Spirometric adjustment for those of African origin was made for six participants. Table 2 shows ANCOVA results for each outcome measure, comparing mean post-shift measurements between groups. (Note that values in the 'unadjusted' column have been adjusted only for the baseline pre-shift measurements.) For FEV 1 , FVC and PEF, mean postshift measurements were lower for the exposed group; adjusting for the baseline measurements showed that the difference between groups was not statistically significant.
None of the confounding factors selected for the study were seen to have a significant effect on the outcome measures.
Discussion
The main finding of this study was that no significant effects on lung function were observed to result from occupational exposure within this UK fragrance industry study population. The lack of significant effects in this study is in direct contrast to the results of similar studies in other industries. Significant reductions in spirometric measurements were observed in the woodworking industry [3] , in farming and agriculture [8] , in metalworking and smelting [9] , and in salons [10] . The small sample size may account for the lack of significant findings in comparison to other, larger studies (n = 656 [3] ; n = 3924 [9] ) although some studies were of a similar sample size (n = 100 [10] ; n = 82 [8] ). The completion of this study, the first step into a novel area of research, may encourage other fragrance manufacturers to participate in future studies and so provide larger sample sizes.
Future research repeating this study with the same cohort should allow assessment of any changes to lung function over time. The study could also be expanded to include companies who initially declined to participate, providing a larger sample size and so increasing the statistical power of any findings. Another key 13 (22) 14 (27) Family history of respiratory problems, n (%)
20 (33) 15 (29) a Non-significant.
point is the lack of published data on exposure within this industry; this is an unexplored area of research that could also be a focus of future studies, which are needed to build up a body of data specific to this industry.
Key points
• There is a lack of previously published literature on the effects of respiratory exposure to chemicals in fragrance production employees in contrast to other industries.
• No significant effects of occupational respiratory exposure were observed on the spirometric performance of this small sample of UK fragrance industry employees.
• This study is an important first step in a novel area of research; further studies should be conducted in all UK manufacturing sites and other global regions, providing larger data sets for analysis.
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